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(54) SIGNAL PROCESSING METHOD AND VIDEO/VOICE PROCESSING DEVICE 



(57) The video signal processor 10 includes a 
scene detector 16 which uses features extracted for vis- 
ual segments and/or audio segments resulted from seg- 
mentation of an input stream of video data, and a 
criterion for measurement of similarity between visual 
and/or audio segment pairs, calculated for each of the 
features using the similarity measurement criterion, to 
detect two visual segments and/or audio segments 



whose time gap is within a predetermined temporal 
threshold and whose dissimilarity is less than a prede- 
termined dissimilarity threshold and group the seg- 
ments into a scene consisting of visual segments and/or 
audio segments reflecting the semantics of the video 
data content and temporally contiguous to each other. 
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Description 

Technical Field 

5 [0001] The present invention relates to a signal processing method for detecting and analyzing a pattern reflecting 
a semantics on which a signal is based, and a video signal processor for detecting and analyzing a visual and/or audio 
pattern reflecting a semantics on which a video signal is based. 

Background Art 

w 

[0002] It Is often desired to search, for playback, a desired part of a video application composed of a large amount 
of different video data, such as a television program recorded in a video recorder, for example. 
[0003] As a typical one of the image extraction techniques to extract a desired visual content, there has been pro- 
posed a story board which is a panel formed from a sequence of images defining a main scene in a video application. 

15 Namely, a story board is prepared by decomposing a video data into so-called shots and displaying representative 
images of the respective shots. Most of the image extraction techniques are to automatically detect and extract shots 
from a video data as disclosed in "G. Ahanger and T. D. C. Little: A Survey of Technologies for Parsing and Indexing 
Digital Video, Journal of Visual Communication and Image Representation 7: 28-4, 1996", for example. 
[0004] It should be noted that a typical half-hour TV program for example contains hundreds of shots, therefore, 

20 with the above conventional image extraction technique of G. Ahanger and T D. C. Little, the user has to examine a 
story board having listed therein enormous shots having been extracted. Understanding of such a story board will be a 
great burden to the user. Also, a dialogue scene in which for example two persons are talking will be considered here. 
In the dialogue, the two persons are alternately shot by a camera each time either of them speaks. Therefore, many of 
such shots extracted by the conventional image extraction technique are redundant The shots contain many useless 

25 information since they are at too low level as objects from which a video structure is to be extracted. Thus, the conven- 
tional image extraction technique cannot be said to be convenient for extraction of such shots by the user. 
[0005] In addition to the above, further image extraction techniques have been proposed as disclosed in "A. Mer- 
lino, D. Morey and M. Maybury: Broadcast News Navigation Using Story Segmentation, Proceeding of ACM Multimedia 
97, 1997" and the Japanese Unexamined Patent Publication No. 10-136297, for example. However, these techniques 

30 can only be used with very professional knowledge of limited genres of contents such as news and football game. 
These conventional image extraction techniques can assure a good result when directed for such limited genres but will 
be of no use for other than the limited genres, Such limitation of the techniques to special genres makes it difficult for 
the technique to easily prevail widely. 

[0006] Further, there has been proposed a still another image extraction technique as disclosed in the United 
35 States Patent No. 5,708,767 for example. It is to extract a so-called story unit. However, this conventional image extrac- 
tion technique is not any completely automated one and thus a user's intervention is required to determine which shots 
have the same content. Also this technique needs a complicated computation for signal processing and is only applica- 
ble to video information. 

[0007] Furthermore, a still another image extraction technique has been proposed as in the Japanese Unexamined 
40 Patent Publication No. 9-21 4879, for example, in which shots are identified by a combination of shot detection and silent 
period detection. However, this conventional technique can be used only when the silent period corresponds with a 
boundary between shots. 

[0008] Moreover, a yet another image extraction technique has been proposed ais disclosed in "H. Aoki, S. Shimo- 
tsuji and O. Hori: A Shot Classification Method to Select Effective Key-Frames for Video Browsing, IPSJ Human inter- 
45 face SIG Notes, 7:43-50, 1 996" and the Japanese Unexamined Patent Publication No. 9-93588 for example, in which 
repeated similar shots are detected to reduce the redundancy of the depiction in a story board. However, this conven- 
tional image extraction technique is only applicable to visual information, not to audio information. 

Disclosure of the Invention 

50 

[0009] Accordingly, the present invention has an object to overcome the above-mentioned drawbacks of the prior 
art by providing a signal processing method and video signal processor, which can extract a high-level video structure 
in a variety of video data. 

[001 0] The above object can be attained by providing a signal processing method for detecting and analyzing a pat- 
55 tern reflecting the semantics of the content of a signal, the method including, according to the present invention, steps 
of: extracting, from a segment consisting of a sequence of consecutive frames forming together the signal, at least one 
feature which characterizes the properties of the segment; calculating, using the extracted feature, a criterion for meas- 
urement of a similarity between a pair of segments for every extracted feature and measuring a similarity between a pair 
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i , 

of segments according to the similarity measurement criterion; and detecting, according to the feature and similarity 
measurement criterion, two of the segments, whose mutual time gap is within a predetermined temporal threshold and 
mutual dissimilarity is less than a predetermined dissimilarity threshold, and grouping the segments into a scene con- 
sisting of a sequence of temporally consecutive segments reflecting the semantics of the signal content. 
5 [0011] In the above signal processing method according to the present invention, similar segments in the signal are 
detected and grouped into a scene. 

[0012] Also the above object can be attained by providing a video signal processor for detecting and analyzing a 
visual and/or audio pattern reflecting the semantics of the content of a supplied video signal, the apparatus including 
according to the present invention: means for extracting, from a visual and/or audio segment consisting of a sequence 

w of consecutive visual and/or audio frames forming together the video signal, at least one feature which characterizes 
the properties of the visual and/or audio segment; means for calculating, using the extracted feature, a criterion for ■ 
measurement of a similarity between a pair of visual segments and/or audio segments for every extracted feature and 
measuring a similarity between a pair of visual segments and/or audio segments according to the similarity measure- 
ment criterion; and means for detecting, according to the feature and similarity measurement criterion, two of the visual 

15 segments and/or audio segments, whose mutual time gap is within a predetermined temporal threshold and mutual dis- 
similarity is less than a predetermined dissimilarity threshold, and grouping the visual segments and/or audio segments 
into a scene consisting of a sequence of temporally consecutive visual segments and/or audio segments reflecting the 
semantics of the video signal content. 

[0013] In the above video signal processor according to the present invention, similar visual segments and/or audio 
20 segments in the video signal are detected and grouped for output as a scene. 

Brief Description of the Drawings 

[0014] 

25 

FIG. 1 explains the structure of a video data to which the present invention is applicable, using a video data model. 
FIG. 2 explains a scene. 

30 FIG. 3 is a block diagram of an embodiment of the video signal processor according to the present invention. 

FIG. 4 is a flow chart of a series of operations effected in detecting segments and grouping them into a scene in 
the video signal processor. 

35 FIG. 5 explains the sampling of dynamic features in the video signal processor. 

FIG. 6 explains the dissimilarity threshold. 

FIG. 7 explains the temporal threshold. 

40 ' 

FIG. 8 is a flow chart of a series of operations effected in grouping segments in the video signal processor. 

Best Mode for Carrying Out the Invention 

45 [0015] The embodiment of the present invention will further be described below with reference to the accompany- 
ing drawings. 

[0016] The embodiment of the present invention is a video signal processor in which a desired content is automat- 
ically detected and extracted from a recorded video data. Before going to the further description of the video signal 
processor, a video data to which the present invention is applicable will first be described. 

so [0017] FIG. 1 shows a video data model having a hierarchy having three levels such as frames, segments and 
scenes, to which the present invention is applicable. As seen, the video data model includes a sequence of frames at 
the lowest level. Also the video data model includes.a sequence of consecutive segments at a level one step higher 
than the level of the frames. Further, the video data model includes scenes at the highest level. That is, a video data is 
formed from the scenes each consisting of the segments grouped together based on a meaningful relation between 

55 them. 

[0018] The video data includes both visual information and audio information. That is, the frames in the video data 
include visual frames each being a single still image, and audio frames representing audio information having generally 
been sampled for a time as short as tens to hundreds of milliseconds. 
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[0019] As in the video data model, each of segments is comprised of a sequence of visual frames having consec- 
utively been picked up by a single camera. Generally, the segment is called "shot". The segments include visual seg- 
ments and/or audio segments, and each segment is the fundamental unit of a video structure. Especially, the audio 
segments among these segments can be defined in many different manners as will be described below by way of exam- 
5 pie. First, audio segments are bounded by periods of silence, respectively, in a video data detected by the well-known 
method, as the case may be. Also, in some cases, each audio segment Is formed from a sequence of audio frames clas- 
sified in several categories such as speech, music, noise, silence, etc. as disclosed in "D. Kimber and L. Wilcox: Acous- 
tic Segmentation for Audio Browsers, Xerox Pare Technical Report". Further, in other cases, the audio segments are 
determined based on an audio cut point which is a large variation of a certain feature from one to the other of two sue- 
to cessive audio frames, as disclosed in " S. Pfeiffer, S. Fischer and E. Wolfgang: Automatic Audio Content Analysis, Pro- 
ceeding of ACM Multimedia 96, Nov. 1996, pp21 -30", for example. 

[0020] Further, to describe the content of a video data at a higher level based on its semantics, the scene is made 
up of a meaningful group of features of segments such as perceptual activities in the segments acquired by detecting 
visual segments or shots or audio segments. The scene is subjective and depends upon the content or genre of the 

15 video data. The scene referred to herein is a group of repeated patterns of visual or audio segments whose features 
are similar to each other. More specifically, in a scene of a dialogue between two persons for example, visual segments 
appear alternately each time one of them speaks as shown in FIG. 2. In a video data having such a repeated pattern, 
a sequence of visual segments A of one of the two speakers and a sequence of visual segments B of the other speaker 
are grouped into one scene. The repeated pattern has a close relation with a hihg-level meaningful structure in the 

20 video data, and represents a high-level meaningful block in the video data. 

[0021] Referring now to FIG. 3, there is schematically illustrated the video signal processor according to the present 
invention. The video signal processor is generally indicated with a reference 10. In the video signal processor 10, the 
features of segments in the video data are used to determine the inter-segment similarity, group these segments into a 
scene, and automatically extract the video structure of the scene. Thus, the video signal processor 10 is applicable to 

25 both visual and audio segments. 

[0022] As shown in FIG. 3, the video signal processor 10 includes a video segmentor 11 to segment or divide an 
input video data stream into visual or audio segments or into both, a video segment memory 12 to store the segments 
of the video data, a visual feature extractor 13 to extract a feature for each visual segment, an audio feature extractor 
14 to extract a feature for each audio segment, a segment feature memory 15 to store the features of the visual and 

30 audio segments, a scene detector 1 6 in which the visual and audio segments are grouped into a scene, and a feature 
similarity measurement block 17 to determine a similarity between two segments. 

[0023] The video segmentor 1 1 is supplied with a video data stream consisting of visual and audio data in any one 
of various digital formats including compressed video formats such as Moving Picture Experts Group Phase 1 
(MPEG1 ), Moving Picture Experts Group Phase 2 (MPEG2) and digital video (DV), and divides the video data into vis- 

35 ual or audio segments or into both segments. When the input video data is in a compressed format, the video segmen- 
tor 1 1 can directly process the compressed video data without fully expanding it. The video segmentor 1 1 divides the 
input video data into visual or audio segments or into both segments. Also, the video segmentor 1 1 supplies the down- 
stream video segment memory 12 with Information segments resulted from the segmentation of the input video data. 
Further, the video segmentor 1 1 supplies the information segments selectively to the downstream visual feature extrac- 

40 tor 13 and audio feature extractor 14, depending upon whether the information is visual or audio segments. 

[0024] The video segment memory 1 2 stores the information segments of video data supplied from the video seg- 
mentor 1 1 . Also the video segment memory 1 2 supplies the information segments to the scene detector 1 6 upon query 
from the scene detector 1 6. 

[0025] The visual feature extractor 13 extracts a feature for each visual segment resulted from segmentation of the 
45 video data by the video segmentor 1 1 . The visual feature extractor 13 can process a compressed video data without 
fully expanding it. It supplies the extracted feature of each visual segment to the downstream segment feature memory 
15. 

[0026] The audio feature extractor 1 4 extracts a feature for each audio segment resulted from segmentation of the 
video data by the video segmentor 1 1 The audio feature extractor 14 can process a compressed audio data without 
so fully expanding it. It supplies the extracted feature of each audio segment to the downstream segment feature memory 
15. 

[0027] The segment feature memory 15 stores the visual and audio segment features supplied from the visual and 
audio feature extractors 13 and 14, respectively. Upon query from the downstream feature similarity measurement block 
1 7, the segment feature memory 1 5 supplies stored features and segments to the feature similarity measurement block 
55 17. 

[0028] The scene detector 16 groups the visual and audio segments into a scene using the information segments 
stored in the video segment memory 1 2 and the similarity between a pair of segments. Th scene detector 1 6 starts with 
each segment in a group to detect a repeated pattern of similar segments in a group of segments, and group such seg- 
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ments into the same scene. The scene detector 16 groups together segments into a certain scene, gradually enlarges 
the group until ail the segments are grouped, and finally produces a detected scene for output. Using the feature simi- 
larity measurement block 17, the scene detector 16 determines how similar two segments are to each other. 
[0029] The feature similarity measurement block 1 7 determines a similarity between two segments, and queries the 
5 segment feature memory 15 to retrieve the feature for a certain segment. 

[0030] Since repeated similar segments lying close to each other in time are generally a part of the same scene, 
the video signal processor 10 detects such segments and groups them to detect a scene. The video signal processor 
1 0 detects a scene by effecting a series of operations as shown in FIG. 4. 

[0031] First at step SI in FIG. 4, the video signal processor 10 divides a video data into visual or audio segments 
10 as will be described below. The video signal processor 1 0 divides a video data supplied to the video segmentor 1 1 Into 
visual or audio segments or possibly Into both segments. The video segmenting method employed in the video signal 
processor 10 is not any special one. For example, the video signal processor 1 0 segments a video data by the method 
disclosed in the previously mentioned "G. Ahanger and T. D. C. Little: A Survey of Technologies for Parsing and Indexing 
Digital Video, Journal of Visual Communication and Image Representation 7: 2B-4, 1 996". This video segmenting 
15 method is well known in this field of art. The video signal processor 1 0 according to the present invention can employ 
any video segmenting method. 

[0032] Next at step S2, the video signal processor 1 0 extracts a feature. More specifically, the video signal proces- 
sor 1 0 calculates a feature which characterizes the properties of a segment by means of the visual feature extractor 1 3 
and audio feature extractor 14. In the video signal processor 10, for example, a time duration of each segment, video 
20 or visual features such as color histogram and texture feature, audio features such as frequency analysis result, level 
and pitch, activity determination result, etc. are calculated as applicable features. Of course, the video signal processor 
1 0 according to the present invention is not limited to these applicable features. 

[0033] Next at step S3, the video signal processor 1 0 measures a similarity between segments using their features. 
More specifically, the video signal processor 10 measures a dissimilarity between segments by the feature similarity 
25 measurement block 1 7 and determines how similar two segments are to each other according to the feature similarity 
measurement criterion of the feature similarity measurement block 17. Using the features having been extracted at step 
S2, the video signal processor 1 0 calculates a criterion for measurement of dissimilarity. 

[0034] At step S4, the video signal processor 10 groups the segments. More particularly, using the dissimilarity 
measurement criteria calculated at step S3 and features extracted at step S2, the video signal processor 10 iteratively 
30 groups similar segments lying close to each other in time. Thus, the video signal processor 10 provides a finally pro- 
duced group as a detected scene. 

[0035] With the above series of operations, the video signal processor 1 0 can detect a scene from a video data, 
Therefore, using the above result, the user can sum the content of the video data and quickly access to points of interest 
in the video data. 

35 [0036] The operation of the video signal processor 1 0 at each of the steps shown in FIG. 4 will further be described 
below. 

[0037] First the video segmentation at step S1 will be discussed herebelow. The video signal processor 1 0 divides 
a video data supplied to the video segmentor 1 1 into visual or audio segments or into both segments if possible. Many 
techniques are available for automatic detection of a boundary between segments in a video data. As mentioned above, 

40 the video signal processor ,1 0 according to the present invention is not limited to any special video segmenting method. 
On the other hand, the accuracy of scene detection in the video signal processor 10 substantially depends upon the 
accuracy of the video segmentation which is to be done before the scene detection. It should be noted that in the video 
signal processor 1 0, the scene detection can be done even with some error in the video segmentation. In this video sig- 
nal processor 10, excessive segment detection is more preferable than insufficient one for the video segmentation. . 

45 Namely, so long as excessive similar segments are detected, they can be grouped as those included in the same scene. 
[0038] Next the feature detection at step S2 will be discussed herebelow. The features are attributes of segments, 
characterizing the properties of the segments and providing information according to which a similarity between differ- 
ent segments is measured. In the video signal processor 1 0, the visual and audio feature extractors 1 3 and 14 calculate 
visual and audio featuresvfor each segment. However, the video signal processor 1 0 is not limited to any special fea- 

50 tures. The features considered to be effectively usable in the video signal processor 1 0 include visual feature, audio fea- 
ture and visual- audio feature as will be described below. The requirement for these features usable in the video signal 
processor 10 is that they should be ones from which a dissimilarity can be determined. For a higher efficiency of signal 
processing, the video signal processor 10 simultaneously effects a feature extraction and video segmentation as the 
case maybe. The features which will be described below meet the above requirement 

55 [0039] The features include first a one concerning an image (will be referred to as Visual feature" hereinafter). A 
visual segment is composed of successive visual frames. Therefore, an appropriate one of the visual segments can be 
extracted to characterize the content the visual segment depicts, by the extracted visual frame. Namely, a similarity of 
the appropriately extracted visual frame can be used as a similarity between visual segments. Thus, the visual feature 
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is an important one of the important features usable in the video signal processor 10. The visual feature can represent i 
by itself only static information. Using a method which will be described later, the video signal processor 1 0 can extract 
a dynamic feature of visual segments based on the visual feature. 

[0040] The visual features include many well-known ones. However, since it has been found that color feature (his- 

5 togram) and video correlation, which will be described below, provide a good compromise between the cost and accu- \~ 
racy of calculation for the scene detection, the video signal processor 1 0 will use the color feature and video correlation f- 
as visual features. f- 
[0041] In the video signal processor 10, colors of images are important materials for determination of a similarity i 
between two images. The use of a color histogram for determination of a similarity between images is well known as ] 

10 disclosed in, for example, "G. Ahanger and T. D. C. Little: A Survey of Technologies for Parsing and Indexing Digital f 
Video, Journal of Visual Communication and Image Representation 7: 28-4, 1 996". It should be noted that the color his- 
togram is acquired by dividing a three-dimensional space such as HSV, RGB or the like for example into n areas and j 
calculating a relative ratio of frequency of appearance in each area of pixels of an image. Information thus acquired ^ 
gives an n-dimensional vector. Also, a color histogram can be extracted directly from a compressed video data as dis- " 

15 closed in the United States Patent No. 5,708,767. 

[0042] The video signal processor 1 0 uses a 64-dimensional (= 2? ' 3 -dimensfonal) histogram vector acquired by j 
sampling, at a rate of 2 bits per color channel, an original YUV color space in images forming a segment. j 
[0043] Such a histogram represents a total color tone of an image but includes no timing data. For this reason, a S 
video correlation is calculated as another visual feature in the video signal processor 1 0. For the scene detection in the 

20 video signal processor 10, mutual overlapping of a plurality of similar segments is an important index indicating that the 
segments form together a scene structure. For example, in a dialogue scene, the camera is moved between two per- 
sons alternately and to one of them being currently speaking. Usually, for shooting the same person again, the camera 
is moved back to nearly the same position where he or she was previously shot. Since it has been found that for detec- 
tion of such a scene structure, a correlation based on reduced grayscale images is a good index for a similarity between 

25 segments, initial images are thinned and reduced to grayscale images each of M x N (both M and N may be small val- 
ues; for example, MxN may be 8 x 8) in size and a video correlation is calculated using the reduced grayscale images 
in the video signal processor 10. That is, the reduced gray scale images are interpreted as an MN-dimensiona! feature 
vector. 

[0044] The features different from the above-mentioned visual feature concern a sound. This feature will be referred 
30 to as "audio feature" hereinafter. The audio feature can represent the content of an audio segment In the video signal 
processor 10, a frequency analysis, pitch, level, etc. may be used as audio features. These audio features are known 
from various documents. 

[0045] First, the video signal processor 1 0 can make a frequency analysis of a Fourier Transform component or the 
like to determine the distribution of frequency information in a single audio frame. For example, the video signal proc- 
35 essor 10 can use FFT (Fast Fourier Transform) component, frequency histogram, power spectrum and other features. 
[0046] Also, the video signal processor 1 0 may use pitches such as a mean pitch and maximum pitch, and sound 
levels such as mean loudness and maximum loudness, as effective audio features for representation of audio seg- 
ments. 

[0047] Further features are those common to visual and audio segments. They are neither any visual feature nor 
40 audio feature, but provide useful information for representation of features of segments included in a scene. The video 
signal processor 10 uses a segment length and an activity, as common visual-audio features. 
[0048] As in the above, the video signal processor 1 0 can use a segment length as a common visual-audio feature. 
The segment length is a time length of a segment Generally, a scene has a rhythm feature inherent to itself. The rhythm 
feature appears as a change of segment length In a scene. For example, short segments contiguous to each other with 
45 a short time between them represent a commercial program. On the other hand, segments included in a conversation 
or dialogue 6cene are longer than those in a commercial program. Also, segments associated with each other in a dia- 
logue scene are similar to each other. The video signal processor 10 can use such feature segment length as a com- 
mon visual-audio feature. 

[0049] Also, the video signal processor 10 can use an activity as a common visual-audio feature; The activity is an - 
so index indicating how dynamic or static the content of a segment feels. For example, if a segment visually feels dynamic, 
the activity indicates a rapidity with which a camera is moved along an object or with which an object being shot by the 
camera changes. 

[0050] The activity is indirectly calculated by measuring a mean value of inter-frame dissimilarity in feature such as 
color histogram. A video activity V F is given by the following equation (1 ): 



6 



EP 1 081 960 A1 



_ f > 



(1) 



where i and j are frames, F is a feature measured between the frames i and j, d F (i, j) is a dissimilarity measurement cri- 
terion for the feature dp and b and f are numbers for a first frame and last frame in one segment. 

w [0051] More specifically, the video signal processor 10 can calculate the video activity V F using the above-men- 
tioned histogram for example. \ 
[0052] The features including the above-mentioned visual features basically indicate static information of a seg- 
ment as in the above. To accurately represent the feature of a segment, however, dynamic information has to be taken 
in consideration. For this reason, the video signal processor 10 represents dynamic information by a feature sampling 

15 method which will be described below: 

[0053] As shown in FIG. 5 for example, the video signal processor 1 0 extracts more than one static feature, starting 
at different time points in. one segment At this time, the video signal processor 10 determines the number of features 
to extract by keeping a balance between a highest fidelity of segment depiction and a minimum data redundancy. For 
example, when a certain image in the segment can be designated as a key frame in that segment, a histogram calcu- 

20 lated from the key frame will be a feature to extract. 

[0054] Using the sampling method which will be described later, the video signal processor 1 0 determines which of 
the samples extractable as feature of an object segment are to be selected. 

[0055] Here, it will be considered that a certain sample is always selected at a predetermined time point, for exam- 
ple, at the last time point in a segment. In this case, samples from two arbitrary segments changing to black frames (fad- 
25 ing) will be same black frames, so that no different features will possibly be acquired. That is, selected two frames will 
be determined to be extremely similar to each other whatever the image contents of such segments are. This problem 
will take place since the samples are not good central values. 

[0056] For this reason, the video signal processor 1 0 is adapted not to extract a feature at such a fixed point but to 
extract a statistically central value in an entire segment Here, the general feature sampling method will be described 
30 concerning two cases that (1 ) a feature can be represented as a real-number n-dimensional vector and (2) only a dis^ 
similarity measurement criterion can be used. It should be noted that best-known visual and audio features such as his- 
togram, power spectrum, etc. are included in the features in the case (1 ). 

[0057] In the case (1 ), the number of samples is predetermined to be k and the video signal processor 1 0 automat- 
ically segments a feature of an entire segment into k different groups by using the well-known k-means clustering 
35 method as disclosed in °L. Kaufman and P. J. Rousseeuw: Finding Groups in Data: An Introduction to Cluster Analysis, 
John-Wiley and Sons, 1990". The video signal processor 1 0 selects, as a sample value, a group centroid or a sample 
approximate to the centroid from each of the k groups. The complexity of the operations in the video signal processor 
10 is just the linearly increased number of samples. 

[0058] On the other hand, in the case (2), the video signal processor 10 forms the k groups by the use of the k- 
40 medoids algorithm method also disclosed in "L Kaufman and P. J. Rousseeuw: Finding Groups in Data: An Introduction 
to Cluster Analysis, John-Wiley and Sons, 1990". The video signal processor 10 uses, as a sample value, the above- 
mentioned group medoid for each of the k groups. 

[0059] It should be noted that in the video signal processor 10, the method for establishing the dissimilarity meas- 
urement criterion for features representing extracted dynamic features is based on the dissimilarity measurement crite- 
45 rion for static features on which the former method is based, which will further be described later. 

[0060] Thus, the video signal processor 1 0 can extract a plurality of static features to represent a dynamic feature 
using the plurality of static features. 

[0061] As in the above, the video signal processor 1 0 can extract various features. However, each of such features 
is generally insufficient for representation, by itself, of a segment feature. For this reason, the video signal processor 10 
so can select a set of mutually complementary features by combining these different features. For example, the video sig- 
nal processor 10 can provide more information than that of each feature by combining the above-mentioned color his- 
togram and image correlation with each other. 

[0062] Next, the measurement of similarity between segments, in which the features acquired at step S3 in FIG. 4 
are used, will be described herebelow. Using the dissimilarity measurement criterion being a function to calculate a 
55 real-number value with which it is determined how dissimilar two features are to each other, the video signal processor 
1 0 measures a dissimilarity between the segments by means of the feature similarity measurement block 1 7. When the 
dissimilarity measurement criterion is small, it indicates that two features are similar to each other, If the criterion is 
large, it indicates that the two features are not similar to each other. The function for calculation of the dissimilarity 
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between the two segments S 1 and S 2 concerning the feature F is defined as dissimilarity measurement criterion d F (S 1 , 
S 2 ). This function has to meet the relation given by the equations (2) below. 

d F (S 1 ,S 2 ) = 0(whenS 1 = S 2 ) (2) 

5 

M S 1« S 2 ) = 0(forallS 1 andS 2 ) 
d F (S 1 , S 2 ) = d F (S 2 , S 1 ) (for all S 1 and S 2 ) 

w [0063] It should be noted that some of the dissimilarity measurement criteria Is only applicable to specific features. 
However, as disclosed in "G. Ahanger and T. D. C. Little: A Survey of Technologies for Parsing and Indexing Digital 
Video, Journal of Visual Communication and Image Representation 7: 28-4, 1996", and "L Kaufman and P. J. Rous- 
seeuw: Finding Groups in Data: An Introduction to Cluster Analysis, John-Wiley and Sons, 1990", many dissimilarity 
measurement criteria are generally applicable to the measurement of a similarity between features represented as 

15 points in a n-dimensional space. The features include a Euclidean distance, inner product, L1 distance, etc. Since of 
these features, the L1 distance will effectively act on various features including the histogram, image correlation, etc., 
the video signal processor 10 adopts the L1 distance as a feature. On the assumption that two n-dimensional vectors 
are A and B, the L1 distance d L1 (A, B) is given by the following equation (3): 

20 n 

<* L i<AB)=J> r B f I (3) 
/=1 



25 where the subscript i indicates the i-th element of each of the n-dimensional vectors A and B. 

[0064] As mentioned above, the video signal processor 10 extracts, as features representing dynamic features, 
static features at different time points in a segment. Then, to determine a similarity between two extracted dynamic fea- 
tures, the video signal processor 1 0 uses, as a criterion for determination of a dissimilarity, a criterion for measurement 
of a dissimilarity between the static features on which the similarity measurement criterion is based. In many cases, the 

30 dissimilarity measurement criterion for the dynamic features should most advantageously be established using a dis- 
similarity between a pair of static features selected from each dynamic feature and most similar to each other. In this 
case, the criterion for measurement of a dissimilarity between two extracted dynamic features SF n and SF 2 is given by 
the following equation (4): 



35 



40 



(4) 



[0065] The function d F (F 1t F 2 ) in the equation (4) above indicates a criterion for measurement of a dissimilarity 
between the static features F on which the equation (4) is based. It should be noted that the a maximum or mean value 
of the dissimilarity between features may be taken instead of a maximum value as the case may be. 
[0066] In the video signal processor 10, only one feature is insufficient to determine a similarity between segments, 
45 and so in many cases it is necessary to combine information derived from many features for the same segment. A solu- 
tion for this problem is to calculate a dissimilarity based on various features as a combination of respective features as 
weighted. That is, when there are available k features F 1f F 2 , F k , the video signal processor 10 uses a dissimilarity 
measurement criterion d F (S A , S 2 ) for combined features. The criterion is given by the following equation (5): 

50 k 

d F (S 1t S 2 )=£MF7(5vS 2 ) (5) 

M • •' •' 

55 where {wj is a weighting factor of EjW j=1 . 

[0067] As in the above, the video signal processor 1 0 can calculate a dissimilarity measurement criterion using fea- 
tures having been extracted at step S2 in FIG. 4 to determine a similarity between segments in consideration. 
[0068] Next, the segment grouping at step S4 in FIG. 4 will be described herebelow. Using the dissimilarity meas- 
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urement criterion and extracted features, the video signal processor 1 6 repeatedly groups similar segments lying close 
to each other in time, and outputs a finally produced group as a detected scene. 

[0069] When detecting a scene by grouping segments, the video signal processor 1 0 effects two basic operations. 
One of the operations is to detect groups of similar segments lying close to each other in time. Most of the groups thus 
5 acquired will be a part of the same scene. The other operation effected in the video signal processor 10 is to combine 
concurrent segment groups together. The video signal processor 10 starts these operations with independent seg- 
ments, and repeats them. Then the video signal processor 10 organizes a step-by-step larger group of segments and 
outputs a finally produced group as a set of scenes. 

[0070] To control these operations, the video signal processor 1 0 is controlled under the following two constraints. 
10 [0071 ] Under one of the two constraints, the video signal processor 1 0 has to adopt a dissimilarity threshold 5 slm to 
determine whether two similar segments belong to the same scene. As shown In FIG: 6 for example, the video signal 
processor 10 judges whether one of the segments is similar or not similar to the other. . 

[0072] It should be noted that the video signal processor 1 0 may be adapted to set the dissimilarity threshold 8^ 
. by the user or automatically as will be described later. 

15 [0073] Under the second constraint, the video signal processor 1 0 has to adopt a temporal threshold T as a maxi- 
mum interval between two segments on the time base, based on which the two segments can be considered to be 
included in the same scene. As shown in FIG. 7 for example, the video signal processor 1 0 puts, into the same scene, 
two similar segments A and B lying close to each other within the temporal threshold T but not two segments B and C 
similar to each other but having between them a time gap not within the temporal threshold T. Thus, because of the con- 

20 straint by the temporal threshold T, the video signal processor 1 0 will not erroneously put into the same scene two seg- 
ments similar to each other but largely apart from each other on the time base. 

[0074] Since it has been found that a time for 6 to 8 shots set as the temporal threshold T would generally give a 
good result, the video signal processor 1 0 uses the temporal threshold T for 6 to 8 shots in principle. 
[0075] It is assumed herein that to acquire a group of similar segments, the video signal processor 1 0 adopts the 
25 hierarchical clustering method disclosed in "L Kaufman and P. J. Rousseeuw: Finding. Groups in Data: An Introduction 
to Cluster Analysis, John-Wiley and Sons, 1990". In this algorithm, a criterion d c (C r , C 2 ) for determination of a dissim- 
ilarity between two clusters C 1f C 2 is defined as a minimum similarity between elements included in each cluster. It is 
given by the following equation (6): 

30 . 



35 

[0076] It should be noted that in the video signal processor 10, a minimum function expressed by the equation (6) 
can easily be replaced with a maximum function or mean function. 

[0077] First at step S1 1 in FIG. 8, the video signal processor 10 initializes a variable N to the number of segments 
40 in the initial state. The variable N indicates the concurrent number of groups always detected. 

[0078] Next at step S12„the video signal processor 10 generates a set of clusters. In the initial state, the video sig- 
nal processor 1 0 takes N segments as different from each other. That is, there exist N clusters in the initial state. Each 
of the clusters has features indicating a start time and end time represented by and C end , respectively. Elements 
included in each cluster are managed as a list in which they are arranged in order based on the start time C start . 
45 [0079] Next at step S13, the video signal processor 1 0 initializes a variable t to 1 . At step S14, the video signal proc- 
essor 10 judges whether the variable t is larger than the temporal threshold f. If the video signal processor 10 deter- 
mines that the variable t is larger than the temporal threshold T, it will go to step S23. When it determines that the 
variable. tjs smaller than the temporal threshold T, it will go to step S15. Since the variable t is 1, however, the video 
signal processor 1 0 will go to step S1 5. 
so [0080] At step S15, the video signal processor 10 calculates the dissimilarity measurement criterion to detect 
two of the N clusters that are the most similar to each other. Since the variable t is 1 , however, the video signal proces- 
sor 10 will calculate the dissimilarity measurement criterion dc.between adjacent dusters to detect among the adjacent 
clusters a pair of clusters that are the most similar to each other. 

[0081] An approach to detect two clusters which are the most similar to each other may be to acquire all possible 
55 pairs of object clusters. However, since the variable t indicating a time interval between object clusters is given in seg- 
ments and the clusters are arranged in the temporal order, the video signal processor 10 should calculate the dissimi- 
larity among t clusters before and after a certain cluster. 

[0082] The two clusters thus detected are defined as C| and Cj, respectively, and a dissimilarity between the clus- 



(6) 
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ters q and Cj is defined as dy. 

[0083] At step S1 6, the video signal processor 1 0 will judge whether the dissimilarity dy is larger than the dissimi- 
larity threshold 8 slm . When the dissimilarity dy is judged larger thanthe dissimilarity threshold 8s jm , the video signal proc- 
essor 1 0 will go to step S21 . If the the dissimilarity dy is judged smaller than the dissimilarity threshold 8 slm , the video 
5 signal processor 10 will go to step S17. It is assumed here that the dissimilarity dy is smaller than the dissimilarity 
threshold 8^. 

[0084]. At step S17, the video signal processor 10 will merge the cluster Cj into the cluster Cj. That is, the video sig- 
nal processor 1 0 will add to the cluster C { all the elements in the cluster Cj. 

[0085] Next at step S1 8, the video signal processor 1 0 will remove the cluster Cj from the set of clusters. It should 
10 be noted that if the start time C f* 3 * changes due to the combination of the two clusters Cj and Cj, the video signal proc- 
essor 1 0 will rearrange the elements In the set of clusters based on the start time Cj start . 
[0086] Next at step S1 9, the video signal processor 1 0 will subtract 1 from the variable N. 
' [0087] At step S20, the video signal processor 10 will judge whether the variable N Is 1 or not If the variable N is 
judged to be 1 , the video signal processor 1 0 will go to step S23. When the video signal processor 1 0 determines that 
15 the variable N is not 1 , it will go to step S15. It is assumed here that the variable N is not 1 . 

[0088] Thus, at step S15, the video signal processor 10 will calculate the dissimilarity measurement criterion d c 
again to detect two clusters the most similar to each other. Since the variable t is 1, the video signal processor 10 will 
calculate the criterion d c for determination of the dissimilarity between adjacent clusters to detect a pair of clusters that 
are the most similar to each other. 
20 [0089] Next at step S1 6, the video signal processor 1 0 will judge whether the dissimilarity dy is larger than the dis- 
similarity threshold 5 sjm . It is also assumed here that the dissimilarity dy is smaller than the dissimilarity threshold 8 slm . 
[0090] The video signal processor 1 0 will effect the operations at steps S1 7 to S20. 

[0091] When as a result of the repetition of the above operations and subtraction of 1 from the variable N, it is deter- 
mined at step S20 that the variable N is 1 , the video signal processor 10 will go to step S23 where it will combine 
25 together clusters each including a single segment. Finally, the video signal processor 1 0 terminates the series of oper- 
ations by grouping all segments into one cluster as in the above. 

[0092] If the video signal processor 1 0 determines at step S1 6 that the dissimilarity dy is larger than the dissimilarity 
threshold 8 S j m , it will go to step S21 where it will repeatedly combine clusters which concurrently exist. Namely, if the 
time interval between and Cf™* of the cluster Cj is concurrent with that between Cj start and Cf" 6 of the cluster Cj, 
30 the two clusters Cj and Cj overlap each other on the time base. Thus, the video signal processor 1 0 can arrange the 
clusters in a set based on the start time of the cluster set to detect concurrent clusters and combine the clusters 
together. 

[0093] At step S22, the video signal processor 1 0 will add 1 to the variable t which will thus be t = 2, and go to step 
S14 where it will judge whether the variable t is larger than the temporal threshold T It is also assumed here that the 

35 variable t is smaller than the temporal threshold T and the video signal processor 1 0 will go to step S1 5. 

[0094] At step S15, the video signal processor 10 will calculate the dissimilarity measurement criterion d c and 
detects two of a plurality of clusters existing currently, that are the most similar to each other. However, since the varia- 
ble t is 2, the video signal processor 1 0 calculates the criterion d c for determination of the dissimilarity between adjacent 
clusters as well as between every other clusters to detect a pair of clusters the most similar to each other. 

40 [0095] Then at step S1 6, the video signal processor 1 0 judges whether the dissimilarity dy between adjacent clus- 
ters and every other clusters Cj and Cj is larger than the dissimilarity threshold ^\ m . It is assumed here that the dissim- 
ilarity dy is smaller than the dissimilarity threshold 8sj m . After effecting the operations at steps S21 and S22, the video 
signal processor 10 adds 1 to the variable t which will thus be t = 3, and will move to step S14 and subsequent steps. 
When the variable t is 3, the video signal processor 10 will calculate, at step S1&, the criterion d c for determination of 

45 the dissimilarity between clusters existent down to every two clusters, and detect a pair of clusters which are the most 
similar to each other. 

[0096] When as a result of the repetition of the above operations and addition of 1 to the variable t, it is determined 
at step S1 4 that the variaible t is larger than the tine threshold T, the video signal processor 1 0 will go to step S23 where 
it will combine clusters each including a single segment. That is, the video signal processor 1 0 will take discrete clusters 
so as ones each including a single segment. If there exist a sequence of such clusters, the video signal processor 10 will 
combine them together. This process combines together segments having no relation in similarity with any adjacent 
scene. However, it should be noted that the video signal processor 1 0 has not to always effect this process. 
[0097] With this series of operations, the video signal processor 1 0 can gather the plurality of clusters and generate 
a scene to be detected. 

55 [0098] It should be noted that the video signal processor 1 0 may be adapted to set the dissimilarity threshold 8s lm 
by the user or automatically determine it as having previously been described. However, when a fixed value is used as 
the dissimilarity threshold 8^, the optimum value of the dissimilarity threshold 8 S | m will depend upon the content of a 
video data. For example, for a video data whose content is variable, the dissimilarity threshold 8 S | m has to be set to a 
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high value. On the other hand, for a video data having a less-variable content, the dissimilarity threshold §s im has to be 
set to a low value. Generally, when the dissimilarity threshold 8 slm is high, less scenes will be detected. On the other 
hand, when dissimilarity threshold 5s irn is low, more scenes will be detected. 

[0099] Thus, an optimum dissimilarity threshold has to be determined since the performance.of the video sig- 
5 nal processor 10 depends greatly upon the dissimilarity threshold 5 s j m . Therefore, when the video signal processor 10 
is adapted to set a dissimilarity threshold S s j m by the user, the above has to be taken in consideration. On the other 
hand, the video signal processor 10 may be adapted to automatically set an effective dissimilarity threshold 5s im by 
using any of methods which will be described below. 

[0100] One of the methods will be described byway of example. Namely, the video signal processor 10 can acquire 

to a dissimilarity threshold 5 sir ^ by using a statistic quantity such as mean value and median In distribution of the dissimi- 
larity between (n)(n- 1)/2 segment pairs. Assume here that the mean value and standard deviation of the dissimilarity 
between all segment pairs is \i and a f respectively. In this case, the dissimilarity threshold 5sj m can be represented by 
a form of an + bo where a and b are constants. It has been found that setting of the constants a and b to 0.5 and 0.1, 
respectively, will assure a good result. 

15 [0101] The video signal processor 10 has not to determine any dissimilarity between all pairs of segments but 
should measure a dissimilarity by selecting at random from a set of all segment pairs a sufficient number of segment 
pairs to provide nearly real mean value \i and standard deviation o. Using the mean value \i and standard deviation a 
thus determined, the video signal processor 10 can automatically determine an appropriate dissimilarity threshold 8 s)m . 
[0102] In the foregoing, the use of a single dissimilarity measurement criterion in the video signal processor 1 0 has 

20 been described. In addition, the video signal processor 10 can a weighting function to combine a variety of dissimilarity 
measurement criteria for different types of features in order to judge whether segments in pairs belong to the same 
group, as having previously been described. The features can only be weighted after trial and error, and when the fea- 
tures are different in type from each other, it is usually difficult to appropriately weight them. However, using a color his- 
togram and texture feature, for example, in combination, the video signal processor 10 can detect possible scenes for 

25 these features and synthesize a single scene structure from the structures of the detected scenes, thereby permitting 
to detect a scene in which both the color histogram and texture feature are included. Each of the results of scene detec- 
tion for the features will be referred to as "scene layer* hereinafter. For example, when a color histogram and segment 
length are used as features, the video signal processor 10 can detect scenes which are based on the features, respec- 
tively, to provide a scene layer for the color histogram and a one for the segment length. The video signal processor 10 

30 can combine these scene layers into a single scene structure. 

[0103] Generally, information from video and audio domains cannot be combined in principle. Using a similar 
method to that for combining structures based on features different in quality from each other, the video signal proces- 
sor 10 can combine into a single scene structure scene, layers obtainable based on information from video and audio 
domains. 

35 [0104] Such an algorithm will be described herebelow. It is assumed here that there are k features F 1f F 2 , F k 
each representing one similarity criterion and there are available a dissimilarity measurement criterion dp 1 , dissimilarity 
threshold ^sim and a temporal threshold "^correspondingly to the features F|. Using the dissimilarity measurement cri- 
terion dp 1 , dissimilarity threshold d^ m and a temporal threshold V for the features F,, the video signal processor 10 
detects a set of scene layers X } = {X j J } . For example, the video signal processor 1 0 detects divisional scene layers 

40 for video and audio information, respectively, and generates two independent scene layers X j - {X ( J } (i = 1 , 2) for the 
video and audio information, respectively. 

[01 05] ; The video signal processor 1 0 has to determine how to combine scene boundaries for combination of differ- 
ence scene layers into a single scene structure. The scene boundaries do not always match one another. It is assumed 
here that for the scene layers, boundary points represented by a sequence of times indicating the scene boundaries are 
45 t n , tg, t|lxjl. The video signal processor 1 0 first selects a certain scene layer to be a basis for alignment of the bound- 
ary points in order to combine various scene layers into a single group. Then* the video signal processor 1 0 determines 
for each of the boundary points tjf, tg, tjlxjl whether other scene layers are those in the scene structure produced by 
finally combining the scene Jayers. 

[0106] It is assumed here that the logical function indicating whether the i-th scene layer Xj has a boundary point 
so near a time t is Bj(t). The term "near" varies depending.upon the situation of the scene layer X,, and it is for example 0.5 
sec for combining scene iayers based on video and audio information, respectively. 

[0107] The video signal processor 10 calculates the logical function Bj(tj) for each of the boundary points tj = t g 

whenj = 1 IXjl andi = 1, .... k.The calculation result will indicate whether the boundary point exists near the timet, 

for each of the scene layers. The video signal processor 1 0 uses Brftj) as a decision function when determining whether 
55 in the combined scene structure, the time tj is a scene boundary. 

[01 08] A simple example of the decision function is to count real Bj(tj) and regard the time tj as the scene boundary . 
of the combined scene structure. Especially when m = 1 , it means that the boundary points of all the scene layers are 
the boundary points of the final scene structure. On the other hand, when m = k , it means that a scene boundary 
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regarded as common to all the scene layers is the boundary point of the combined scene structure. 
[0109] Thus, the video signal processor 1 0 can combine difference scene layers into a single scene structure. 
[0110] As having been described in the foregoing, the video signal processor 10 according to the present invention 
is to extract a scene structure. It has already been proved by many experiments that the signal processing method car- 
ried out by the video signal processor 1 0 can be used to extract a scene structure from video data having various con- 
tents such as TV dramas, movies, etc. 

[0111] The video signal processor 10 is full automatic and can automatically determine all appropriate threshold 
correspondingly to a change in content of a video data without the necessity of any user's intervention to set the afore- 
mentioned dissimilarity threshold and temporal threshold. 

[01 1 2] Further, the video signal processor 1 0 according to the present invention can be operated by the user with- 
out any prior knowledge of a semantics of a video data 

[0113] Moreover, since the video signal processor 10 is very simple and can efficiently calculate, so it can be 
applied in home electronic appliances such as a set-top box, digital video recorder, home server, etc. 
[0114] Also the video signal processor 10 can provide a result of scene detection as a basis for a new high-level 
access for the video browsing. Therefore, the video signal processor 1 0 permits an easy access to a video data, which 
is based on the content of the data, by visualizing the content of the video data using the high-level scene video struc- 
ture, not any segments. For example, the video signal processor 10 displays a scene by which the user can quickly 
know the summary of a program and thus quickly find a part of the program in which he is interested. 
[01 1 5] Furthermore, the video signal processor 1 0 can provide a result of scene detection as a basis for automatic 
outlining or summarizing of a video data For a consistent summing-up, it is generally necessary to decompose a video 
data into reconstructive meaningful components, not to combine together random fragments of a vide data. A scene 
detected by the video signal processor 1 0 serves as a basis for preparation of such a summary. 
[0116] It should be noted that the present invention is not limited to the embodiment having been described in the 
foregoing, but the features used for measurement of similarity between segments example may of course be other than 
those having been described and be appropriately modified without departing from the scope of the present invention 
defined later. 

Industrial Applicability 

[0117] As having been described in detail in the foregoing, the present invention provides the signal processing 
method for detecting and analyzing a pattern reflecting the semantics of the content of a signal, the method including 
steps of extracting, from a segment consisting of a sequence of consecutive frames forming together the signal, at least 
one feature which characterizes the properties of the segment; calculating, using the extracted feature, a criterion for 
measurement of a similarity between a pair of segments for every extracted feature and measuring a similarity between 
a pair of segments according to the similarity measurement criterion; and detecting, according to the feature and simi- 
larity measurement criterion, two of the segments, whose mutual time gap is within a predetermined temporal threshold 
and mutual dissimilarity is less than a predetermined dissimilarity threshold, and grouping the segments into a scene 
consisting of a sequence of temporally consecutive segments reflecting the semantics of the signal content 
[0118] Therefore, the signal processing method according to the present invention can detect similar segments in 
a signal and group them into a scene, thereby permitting to extract a higher-level structure than a segment. 
[0119] Also the present invention provides the video signal processor for detecting and analyzing a visual and/or 
audio pattern reflecting the semantics of the content of a supplied video signal, the apparatus including means for 
extracting, from a visual and/or audio segment consisting of a sequence of consecutive visual and/or audio frames 
forming together the video signal, at least one feature which characterizes the properties of the visual and/or audio seg- 
ment; means for calculating, using the extracted feature, a criterion for measurement of a similarity between a pair of 
visual segments and/or audio segments for every extracted feature and measuring a similarity between a pair of visual 
segments and/or audio segments according to the similarity measurement criterion; and means for detecting, accord- 
ing to the feature and similarity measurement criterion, two of the visual segments and/or audio segments, whose 
mutual time gap is within a predetermined temporal threshold and mutual dissimilarity is less than a predetermined dis- 
similarity threshold, and grouping the visual segments and/or audio segments into a scene consisting of a sequence of 
temporally consecutive visual segments and/or audio segments ref lectin jg the semantics of the video signal content. 
[0120] Therefore, the video signal processor according to the present invention can detect similar visual segments 
and/or audio segments in the video signal and group them for output as a scene, thereby permitting to extract a higher- 
level video structure than a visual and/or audio segment. 

Claims 

1 . A signal processing method for detecting and analyzing a pattern reflecting the semantics of the content of a signal, 
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the method comprising steps of: 

extracting, from a segment consisting of a sequence of consecutive frames forming together the signal, at least 
one feature which characterizes the properties of the segment; 
5 calculating, using the extracted feature, a criterion for measurement of a similarity between a pair of segments 

for every extracted feature and measuring a similarity between a pair of segments according to the similarity 
measurement criterion; and 

detecting, according to the feature and similarity measurement criterion, two of the segments, whose mutual 
time gap is within a predetermined temporal threshold and mutual dissimilarity is less than a predetermined 
w dissimilarity threshold, and grouping the segments Into a scene consisting of a sequence of temporally consec- 

utive segments reflecting the semantics of the signal content. 

2. The method as set forth in Claim 1 , wherein the signal is at least one of visual and audio signals included in a video 
data. 

15 

3. The method as set forth in Claim 1 , wherein at the feature extracting step, a single statistic central value of the plu- 
rality of features at different time points in a single segment is selected for extraction. 

4. The method as set forth in Claim 1, wherein a statistic value of the similarity between a plurality of segment pairs 
20 is used to determine the dissimilarity threshold. 

5. The method as set forth in Claim 1 , wherein of the segments, more than at least one segment which could not have 
been grouped into a scene at the grouping step are grouped into a single scene. 

25 6. The method as set forth in Claim 1 , wherein a result of scene detection from arbitrary features acquired at the 
grouping step and more than at least one result of scene detection for features different from the arbitrary ones, are 
combined together. 

7. The method as set forth in Claim 2, wherein more than at least one result of scene detection from the video signal 
30 acquired at the grouping step and more than at least one result of scene detection from the audio signal acquired 

at the grouping step, are combined together. 

8. A video signal processor for detecting and analyzing a visual and/or audio pattern reflecting the semantics of the 
content of a supplied video signal, the apparatus comprising: 

35 

means for extracting, from a visual and/or audio segment consisting of a sequence of consecutive visual and/or 
audio frames forming together the video signal, at least one feature which characterizes the properties of the 
visual and/or audio segment; 

40 means for calculating, using the extracted feature, a criterion for measurement of a similarity between a pair of 

visual segments and/or audio segments for every extracted feature and measuring a similarity between a pair 
of visual segments and/or audio segments according to the similarity measurement criterion; and 

means for detecting, according to the feature and similarity measurement criterion, two of the visual segments 
45 and/or audio segments, whose mutual time gap is within a predetermined temporal threshold and mutual dis- 

similarity is less than a predetermined dissimilarity threshold, and grouping the visual segments and/or audio 
segments into a scene consisting of a sequence of temporally consecutive visual segments anchor audio seg- 
ments reflecting the,semantics of the video signal content. 

so 9. The apparatus as set forth in Claim 8, wherein the feature extracting means selects, for extraction, a single statistic 
central value of the plurality of features at different time points in a single visual and/or audio segment. 

10. The apparatus as set forth in Claim 8, wherein a statistic value of the similarity between a plurality of visual and/or 
audio segment pairs is used to determine the dissimilarity threshold. 

55 

11. The apparatus as set forth in Claim 8, wherein of the visual and/or audio segments, more than at least one visual 
and/or audio segment which could not have been grouped into a scene by the grouping means are grouped into a 
single scene. 
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12. The apparatus as set forth in Claim 8, wherein a result of scene detection for arbitrary features acquired by the 
grouping means and more than at least one result of scene detection for features different from the arbitrary ones, 
are combined together. 

5 13. The apparatus as set forth in Claim 8, wherein more than at least one result of scene detection from the visual sig- 
nal of the video signal acquired by the grouping means and more than at least one result of scene detection from 
the audio signal of the video signal acquired by the grouping means, are combined together. 
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